The non-subsampled contourlet transform (NSCT) is a good approach in capturing the detail of images, so that it has a wide range of applications in image denoising. In order to improve the denoising effect of NSCT method of medical ultrasound images, the local intuitionistic fuzzy entropy (LIFE) theory is employed in this work to suppress the noise in the high-frequency coefficients of NSCT. On combination with the LIFE theory and the directionality of the coefficients' distribution of NSCT, the directional local intuitionistic fuzzy entropy (DLIFE) method has been put forward to calculate the corresponding noise suppression factor to remove the noise in the high-frequency coefficients of NSCT. The experiments on both Barbara image and medical ultrasound image show a better denoising effect than the original NSCT soft threshold method and the wavelet soft threshold method.
INTRODUCTION
Ultrasound imaging has been widely used in the medical applications, especially in _____________ the fetal development monitoring, due to its high real-time performance, low side effects and acceptable prices. However, ultrasound imaging also has the disadvantage of low resolution, which affects the doctor's diagnosis [1] . Ultrasonic image denoising is a hot research field in recent years, and many researchers have proposed a large number of methods to improve the resolution of medical ultrasonic images. For example, the total variation method [2] , the wavelet domain threshold shrinkage method [3] , the image recovery method based on sparse representation [4] and so on.
Image denoising methods in the transform domain such as the wavelet transform and contourlet transform [5] have been widely employed among the currently used image denoising methods. The NSCT-based image denoising method can avoid pseudo-Gibbs phenomenon in the image denoising process due to its translation invariance [6] [7] [8] [9] . Therefore, it has been widely studied in recent years.
The soft threshold denoising method is a common method in the NSCT denoising method. This method can be expressed by Equation (1) [7] :
where the function sgn(c) is a sign function, when c is greater than 0, the value of the function is 1; when c is less than 0, the value of the function is -1; when c is equal to 0, sgn(c) = 0. The equation for calculating the threshold T0 is:
where σn,j,k is the variance of the n-th coefficient in the j-th direction of the first layer; in the low-frequency layers, the value of the parameter K is: K = 4, in the high-frequency layers, the value of the parameter K is K = 3. In the high-frequency decomposition layer, the noise energy is usually concentrated, and the signal energy is low. Therefore, when the soft threshold denoising method is used to denoise the highest frequency layer of the image, a large amount of signal loss will occur, resulting in the blurring of the texture and details of the image. Therefore, the NSCT denoising method needs to be improved. In this paper, to improve the denoising effect of the NSCT method on the medical ultrasonic images, the local intuitionistic fuzzy entropy (LIFE) theory is employed to suppress the noise in the high-frequency coefficients of NSCT. On combination with the LIFE theory and the directionality of the coefficients' distribution of NSCT, the directional local intuitionistic fuzzy entropy (DLIFE) method has been put forward and the corresponding noise suppression factor has been acquired to remove the noise in the high-frequency coefficients of NSCT. Experiments on both Barbara image and medical ultrasound image show that our method can improve the denoising effect of NSCT soft threshold method.
METHOD
The local intuitionistic fuzzy entropy (LIFE) based on image gradient information reflects the possibility whether a certain pixel is located in the flat region of the image, and it can obtain better results in distinguishing the flat and detailed regions of the image [10] [11] [12] [13] [14] [15] . The LIFE of a gray scale image u image can be calculated as follows:
The membership function μA(i, j), non-membership function νA(i, j) and hesitation function πA (i, j) of a pixel with a coordinate (i, j) in image u are defined as Equations (3)- (5). (3)- (5), the local intuitionistic fuzzy entropy of the sub-image in nn neighborhood is defined as: 
On consideration that in the process of intuitionistic fuzzy entropy image processing, the principle of optimization is the principle of maximum intuitionistic fuzzy entropy, that is to maximize the intuitionistic fuzzy entropy of the image. Therefore, the parameter λ is calculated as: = argmax{ ( )}.
The local intuitionistic fuzzy entropy of image mainly describes the uncertainty of the image information, and its value reflects the possibility whether a certain pixel belongs to the flat area of the image. The greater the local intuitionistic fuzzy entropy of a pixel on the image, the greater the uncertainty that the pixel belongs to the flat region of the image, in other words, the less likely that the pixel is to belong to the flat regions of the image, and the more likely that the pixel is located in the detailed regains of the image. Conversely, the smaller the local intuitionistic fuzzy entropy of a pixel on an image is, the smaller the uncertainty that the pixel belongs to the flat regions of the image, that is, the more likely that the pixel is located on the flat regions of the image. Moreover, due to the continuity of the image edges, the sparseness of the distribution of coefficients on the high-frequency layers, and the randomness of the noise distribution, the texture and edge areas show greater smoothness than the flat areas in the high-frequency layers of the NSCT decomposed noise-containing images, as shown in Figure 1(d) . Therefore, the local intuitionistic fuzzy entropy of the pixels of the edge and texture areas of the image is lower than the local intuitionistic fuzzy entropy of the flat areas, as shown in Figure. 1(e).
Moreover, considering that each sub-image after NSCT decomposition has good directionality, in order to further enhance the ability of the LIFE method to recognize the signal portion of the high-frequency layer image after NSCT decomposition, the rectangular sample window is introduced into the calculation of the local intuitionistic fuzzy entropy of the image. When the local intuitionistic fuzzy entropy is calculated using Equation (6), the decomposition direction of each high-frequency layer is 2, which means that each layer is divided into two directions: vertical and horizontal. And the square sampling window of nn is improved into a rectangular sampling window, wherein the direction of the longer side of the rectangle is parallel to the direction of the sub-image, and the size of the window is related to the number of decomposition layers of the sub-image. In order to better detect subtle texture and edge information, the higher the frequency of the layer, the smaller the window is. This method is named after the Directional Local Intuitionistic Fuzzy Entropy (DLIFE), denoted by ED(u).
In the DLIFE method, the use of a rectangular sampling window increases the proportion of the useful signal in the window, reduces the effect of noise and increases the usefulness of LIFE method in the detection of useful signals. Figure  1(e) shows the directional local fuzzy entropy of Figure 1(d) . Compared with the original decomposition coefficient, the directional local intuitionistic fuzzy entropy clearly shows the texture region (black portion) and the smooth region (white portion). Therefore, it can provide a better detection capability for the texture and edge area of the high-frequency layers.
After the obtaining of the DLIFE of the image, the DLIFE is normalized later (denoted by norm{ED(u)}), and the noise suppression factor SN(u) of the image is obtained using the Equation (7a):
Moreover, as for the coefficient of the highest frequency layer, in order to further enhance the denoising effect, when the variance of the noise is large, the noise suppression factor SN(u) of the image is calculated using Equation(7b):
Then, the denoising equation for the sub-image u is: 
RESULTS AND DISCUSSION
Firstly, to verify the de-noising effect of our method, the wavelet soft threshold denoising method, NSCT soft threshold denoising method and DLIFE method were employed to denoise the Barbara images with zero-mean Gaussian noise with a variance of σ 2 = 1200, and the denoising results were compared. In the DLIFE method, the number of the NSCT decomposition layer is 4 layers; when processing the 4th layer of the image, the width of the rectangular window was 75; when processing the 3rd layer of the image, the width of the rectangle window was 97; besides, in order to save the calculation time, the value of parameter λ was set to be 3.
The denoising results of the three methods are shown in Figure 2 . As shown in Figure 2 , the high-frequency part of the image (such as the texture of the scarf and pants) in the DLIFE method denoising result has been better protected and restored; at the same time, the arm and other smooth areas contain less noise than the wavelet or contourlet soft threshold method. Moreover, although the NSCT soft thresholding method shows a better denoising effect of the smooth regions, the texture information suffers more damage. And in the wavelet soft thresholding method, the protection effect of the texture region information is similar to the DLIFE method. However, there remains more noise in the smooth regions than the DLIFE method. Therefore, compared with the other two methods, the DLIFE method has better denoising effect.
Secondly, we verified the denoising effect of the DLIFE method on medical ultrasonic images. Figure 3(a) shows a noise-free medical ultrasonic image and Figure 3(b) shows an image with zero mean Gaussian noise with a variance of σ 2 = 200. Figures 3(c) -(e) are denoising results using the DLIFE method, NSCT soft thresholding method, and wavelet soft thresholding method, respectively. It can be seen from Figure. 4 that because the original image contains more high-frequency parts, the blurring of the texture and details is more serious in the denoising results of the NSCT soft thresholding method and the wavelet soft thresholding method. Moreover, in comparison with the original image, the hole area of the lower half of the image is enlarged in the wavelet soft threshold method, which greatly affects the accuracy of the denoised image. Therefore, the DLIFE method can achieve better results when applied to denoise medical ultrasonic images. 
CONCLUSION
In this paper, in order to improve the denoising effect of NSCT soft threshold denoising method on medical ultrasonic images, the image's local intuitionistic fuzzy entropy theory is applied to the denoising of high-frequency coefficients of the NSCT decomposition. Moreover, combined with the directionality of coefficient distribution on the sub-images in different directions after NSCT decomposition, the directional local intuitionistic fuzzy entropy is proposed, and the corresponding noise suppression factor is calculated and applied to the denoising of the high-frequency layers of NSCT decomposition. Experiments show that the directional local intuitionistic fuzzy entropy of the image can improve the denoising effect of the image, and at the same time, it can also protect the information of image's texture areas. The following research includes further improving the denoising effect of the directional local intuitionistic fuzzy entropy method and reducing the run time of this method.
